Both Lactococcus lactis and Lactobacillus plantarum contain a single alr gene, encoding an alanine racemase (EC 5.1.1.1), which catalyzes the interconversion of D-alanine and L-alanine. The alr genes of these lactic acid bacteria were investigated for their application as food-grade selection markers in a heterologous complementation approach. Since isogenic mutants of both species carrying an alr deletion (⌬alr) showed auxotrophy for D-alanine, plasmids carrying a heterologous alr were constructed and could be selected, since they complemented D-alanine auxotrophy in the L. plantarum ⌬alr and L. lactis ⌬alr strains. Selection was found to be highly stringent, and plasmids were stably maintained over 200 generations of culturing. Moreover, the plasmids carrying the heterologous alr genes could be stably maintained in wild-type strains of L. plantarum and L. lactis by selection for resistance to D-cycloserine, a competitive inhibitor of Alr (600 and 200 g/ml, respectively). In addition, a plasmid carrying the L. plantarum alr gene under control of the regulated nisA promoter was constructed to demonstrate that D-cycloserine resistance of L. lactis is linearly correlated to the alr expression level. Finally, the L. lactis alr gene controlled by the nisA promoter, together with the nisinregulatory genes nisRK, were integrated into the chromosome of L. plantarum ⌬alr. The resulting strain could grow in the absence of D-alanine only when expression of the alr gene was induced with nisin.
Alanine racemases are pyridoxal 5Ј-phosphate-dependent enzymes involved in the interconversion of D-alanine (D-ala) and L-alanine (L-ala). Most well-studied alanine racemases originate from bacteria, including Escherichia coli (52) , Pseudomonas putida (41) , Salmonella enterica serovar Typhimurium (51) , and several Bacillus species (21, 30, 39, 55) . More recently, eukaryotic alanine racemases were investigated in more detail, e.g., in the fungus Tolypocladium niveum, where this enzyme is involved in the biosynthesis of cyclosporin A (27) . Since D-Ala is involved in the cross-linking of cell wall peptidoglycan layers in many bacteria, this component is essential for their growth.
In E. coli, the dadX gene is involved in L-Ala catabolism. It encodes an alanine racemase and is situated in an operon together with the dadA gene, encoding a D-Ala dehydrogenase. The transcription of dadX and dadA was found to be repressed by glucose but induced by the presence of L-Ala (53) . The dadX gene is responsible for 85% of the total alanine racemase activity in E. coli, and a second gene named alr is present, which is constitutively expressed (52, 53) . Only the alr dadX double mutant is auxotrophic for D-Ala (53) .
In Bacillus subtilis the alanine racemase gene (dal) is involved in alanine conversion and a dal deletion mutant was dependent on D-Ala supplementation when grown in rich media. However, in minimal medium, growth of the dal mutant was affected only after addition of L-Ala. Hence, it was suggested that B. subtilis possesses a second, L-Ala-repressible alanine racemase (21) . The complete genome sequence of B. subtilis confirms the existence of a second gene (yncD) whose product shows high homology to alanine racemases (35) . Furthermore, alanine racemases from Bacillus species are postulated to be involved in spore formation, since racemase activity is generally higher in spores than in vegetative cells (39, 40, 46) . Spore alanine racemase converts the germinant L-Ala into its competitive inhibitor D-Ala and may regulate spore germination (54) . The most extensively studied alanine racemase originates from Bacillus stearothermophilus and includes sequence analysis of the gene and protein, determination of the catalyticsite residues, and characterization of the biochemical properties of the protein (30, 44, 47) . Moreover, the three-dimensional structure of the alanine racemase of this organism was determined by X-ray crystallography (43) .
Several allosteric inhibitors of alanine racemases have been described, including D-cycloserine, hydroxylamine, and ␤-chloroalanine (1, 32, 36, 50) . Inactivation of alrA, encoding alanine racemase, resulted in a 30-fold-lower MIC of D-cycloserine for Mycobacterium smegmatis (9) . Furthermore, a D-cycloserineresistant mutant of M. smegmatis was shown to display elevated alanine racemase activity, caused by a promoter-up mutation. Similarly, increasing the alrA gene dosage by cloning on a multicopy plasmid resulted in increased D-cycloserine resistance in M. intracellulare and M. bovis (6) .
In the lactic acid bacteria (LAB) Lactobacillus plantarum and Lactococcus lactis, alanine racemase activity is encoded by homologous alr genes. Disruption of alr in both LAB resulted in auxotrophy for D-Ala on rich media (28, 29) . Additionally, no growth of the L. plantarum deletion mutant was observed on minimal medium with or without L-Ala, indicating that L-Ala does not suppress another putative alanine racemase. In contrast to B. subtilis, alr appears to be the sole gene coding for alanine racemase activity in L. plantarum (28) . LAB are important organisms for the production of fermented foods and feeds. Moreover, they are used as probiotics and have great potential to serve as delivery vehicles of health-promoting compounds to the human gastrointestinal tract (23, 24, 45) . To further optimize these microbes for industrial exploitation, genetic modification approaches have been used (14) . However, the application of genetically modified microorganisms in food products requires safe and sustainable genetic tools. Therefore, sophisticated food-grade marker systems are being developed that circumvent the addition of undesirable components like antibiotics to industrial fermentation processes. Several food-grade marker systems have been developed for the selection of a plasmid in LAB, of both the dominant and complementation type (14) . Recently, a third type of food-grade selection markers was described, using a two-plasmid system for food-grade selection in lactococci (17) .
D-Ala is not a regular constituent of industrial fermentation media, suggesting that the alanine racemase-encoding gene of LAB could be exploited as a food-grade complementation marker. Previously, a similar approach in B. subtilis showed that the dal gene, encoding alanine racemase, could be used as a functional and stringent complementation marker in rich media (21) . Here, we describe the use of the alr gene as a heterologous food-grade selection marker in both L. plantarum and L. lactis. Plasmids expressing alr were introduced into alr mutants of both organisms and into their wild-type parent strains, using D-cycloserine resistance for selection of transformants in the latter strains. Selection appeared highly stringent, and plasmids were stably maintained during culturing. Moreover, alr expression levels in L. lactis could be correlated with D-cycloserine resistance levels, and a nisin-dependent alr mutant strain of L. plantarum was constructed that showed a conditional lethal phenotype.
MATERIALS AND METHODS
Bacterial strains, plasmids, and primers. L. lactis MG1363 (22) and L. plantarum NCIMB8826 (26) were used in this study, and their derivatives and the plasmids and primers used are listed in Table 1 . E. coli MC1061 (8) , and chloramphenicol (20 g/ml); for L. lactis, chloramphenicol (10 g/ml); for L. plantarum, erythromycin (5 g/ml) plus lincomycin (10 g/ml), and chloramphenicol (10 g/ml). DNA manipulations. Plasmid DNA was isolated from E. coli on a small scale using the alkaline-lysis method (2, 42) . Large-scale plasmid DNA isolations were performed using Jetstar columns as specified by the manufacturer (Genomed GmbH, Bad Oberhausen, Germany). DNA isolation and transformation in L. lactis and L. plantarum were performed as described previously (15, 19, 31) . Standard procedures were applied for DNA manipulations in E. coli (42) . Restriction endonucleases, Taq and Pwo polymerase, T4 DNA ligase, and Klenow polymerase were used as recommended by the manufacturer (Promega, Leiden, The Netherlands, and Boehringer GmbH, Mannheim, Germany). Primers were purchased from Pharmacia Biotech (Roosendaal, the Netherlands) or Genset Oligos (Paris, France).
Plasmid constructions. L. lactis MG1363 genomic DNA (22) was used as a template to amplify the alr gene, using primers LLALR-5 and LLALR-11, which were designed on the basis of the L. lactis IL1403 genome sequence (3). Sequence analysis of the amplicons obtained revealed 98% identity between the alr genes of L. lactis IL1403 and L. lactis MG1363. The 1.3-kb PCR product was digested with BamHI and SalI (restriction sites were introduced by the primers) and inserted into similarly digested pJDC9, resulting in pGIP009. To drive expression of the L. lactis alr gene by the ldhL promoter of L. plantarum (18) , pGIP009 was digested with HindIII and SmaI and then ligated to pGIT032, previously digested with HindIII and HpaI. The resulting plasmid was designated pGIP011 and was introduced into L. plantarum NCIMB8826 and MD007. Similarly, to place alr expression under control of the nisA promoter of L. lactis (11) , pGIP009 was digested with HindIII and BamHI and subsequently ligated to similarly digested pNZ2650, yielding pGIP012, which was introduced into L. plantarum MD007Int6 carrying the L. lactis nisRK genes on the chromosome.
The strategy described above was also used to construct plasmids expressing the L. plantarum alr gene for transformation and selection in L. lactis. To remove the HindIII site from pNG8048-cre (7), this plasmid was digested with HindIII, blunt ended with Klenow DNA polymerase, and backligated. The cre-T pepN fragment in this vector was removed with NcoI and XhoI and ligated to pUCNcoI (20) digested with NcoI and SalI. Finally, digestion of this vector with EcoRI and HindIII, followed by Klenow DNA polymerase treatment, yielded a fragment containing RBS-cre-T pepN , which was inserted into a pUC18 derivative previously digested with SmaI. The resulting plasmid was designated pNZ7110. The alr gene was obtained by a PCR amplification using primers LplAlr_F and LplAlr_R and with L. plantarum NCIMB8826 chromosomal DNA as template. The 1.1-kb PCR product was digested with NcoI and XbaI and ligated to pNZ7110 digested with NcoI and NheI, in order to exchange cre for alr. The resulting plasmid was designated pNZ7115. Finally, RBS-alr-T pepN was digested from pNZ7115 as a BamHI-EcoRI fragment and cloned downstream of the nisA promoter in similarly digested pNZ8020, yielding pGIP013. This plasmid was used for transformation of NZ3900 and strain PH3960.
The alr mutant strains of L. plantarum NCIMB8826 and L. lactis NZ3900, designated MD007 and PH3960 (Table 1) , respectively, carry a stable deletion of an internal fragment of 100 and 30 bp in the alr gene, resulting in auxotrophy for D-Ala in both organisms (28, 29) . Since a large part of the alr genes in MD007 and PH3960 remain present in the chromosome, a heterologous complementation strategy was used here to avoid integration of the plasmid into the chromosome. Therefore, pGIP011 and pGIP012, containing the lactococcal alr gene under control of the ldhL and nisA promoter, were used for complementation of the L. plantarum ⌬alr strains MD007 and MD007Int6, respectively. Similarly, pGIP013, containing the L. plantarum alr gene under control of the nisA promoter, was used for complementation of the L. lactis ⌬alr strain PH3960.
To obtain a conditional alr mutant using the NICE system (12), a plasmid was designed for integration of the L. lactis alr gene into the chromosome of L. plantarum MD007. pGIP012 was used as template to amplify the nisA promoter fused to the alr gene, using primers LLALR-12 and LLALR-13 for the PCR. The 1.6-kb PCR product was cloned in pGEMT-easy (Promega Biotech), resulting in a vector designated pGIP010. This vector was digested with SacI and KpnI, and the resulting fragment containing P nisA and alr was subcloned into similarly digested pMEC10 (38) , yielding the vector pGIP014. This vector was used for integration into the genome of L. plantarum MD007.
Alanine racemase assay. L. lactis strain PH3960 harboring pGIP013 was cultured overnight at 30°C in GM17 with chloramphenicol. The culture was used to inoculate fresh medium (starting optical density at 600 nm [OD 600 ], 0.25) at 30°C. Growth was continued to an OD 600 of 0.6. Nisin was then added to the cultures at concentrations of 0, 0.001, 0.01, 0.1, or 1.0 ng/ml, and growth was continued for 2.5 h. Cultures were harvested by centrifugation, and the pellets were washed with 2 ml of distilled water and recentrifuged. Subsequently, the cells were resuspended in distilled water to an OD 600 of 20, 1 g of zirconium beads (48) was added to the cell suspension, and the cells were mechanically disrupted. After centrifugation, the cell extract was transferred to fresh tubes and stored at 4°C. Alanine racemase activity was measured by determining D-Ala conversion into L-Ala by spectrophotometrically monitoring the production of NADH in a coupled reaction as the addition of L-alanine dehydrogenase (L-ADH) from B. sphaericus converts L-Ala into pyruvate and ammonia. L-ADH was obtained from L. lactis NZ3900 harboring plasmid pNZ2650 (29) . After induction with 1 ng of nisin per ml, a cell extract was prepared and used as source of L-ADH. The assay mixture used here contained 0.001 to 0.015 U of alanine racemase depending on the nisin induction level, 0.025 U of L-ADH, 100 mM sodium phosphate buffer (pH 8.0), 10 mM NAD ϩ , and 50 mM D-alanine in a total reaction volume of 1 ml. After addition of the sample containing Alr activity, the OD 340 at 25°C was monitored for at least 5 min and enzyme activities were correlated to the total protein content of the cell extracts as described previously (4) .
Measurement of D-cycloserine resistance in cultures. PH3960 harboring pGIP013 was grown overnight in GM17 containing chloramphenicol and D-Ala. Cultures were diluted 1:20 and grown in the same medium to an OD 600 of 1.3. Afterwards, 1:8 dilutions were cultured for 1 h in the same medium with nisin concentrations ranging from 0 to 1 ng/ml. Then the cultures were diluted 1:10 in the same medium with D-cycloserine ranging from 0 to 1 mg/ml. OD 600 values were measured, growth was continued for 2 h, and OD 600 values were measured again. The OD increase in the cultures grown in the presence of D-cycloserine was compared to that observed in the cultures grown without added D-cycloserine.
The nucleotide sequences of the alr genes of L. plantarum NCIMB8826 and L. lactis MG1363 are accessible through the GenBank database under accession numbers Y08941 and Y18148, respectively.
RESULTS

Heterologous complementation of MD007 and PH3960.
To evaluate the potential of the alanine racemase-encoding gene, alr, as a heterologous complementation marker, pGIP011 (carrying L. lactis alr) was introduced into the alr deletion variant of L. plantarum NCIMB8826 (MD007). After introduction of pGIP011 into MD007, the cells were plated on MRS or MRS containing erythromycin, lincomycin, and D-Ala. After approximately 16 h of incubation, the MRS plates contained fullgrown colonies selected by alanine racemase production, while after approximately 40 h, similar numbers of colonies were obtained on the antibiotic resistance selection plate. In addition, colonies selected by alr expression appeared more homogenous in size. These results indicate that in trans complementation by the L. lactis alr gene under control of the ldhL promoter results in regeneration of growth of the ⌬alr strain of L. plantarum without D-Ala supplementation. Similar results were obtained using pGIP012 for transformation into the L. plantarum ⌬alr strain MD007int6. Colonies appeared faster and were more homogenous in size when grown on MRS plates than when grown on MRS plates containing chloramphenicol and D-Ala. Similar observations were made when pGIP013 was introduced into the L. lactis ⌬alr strain PH3960 and subsequently plated on GM17 or GM17 containing chloramphenicol and D-Ala. Although tightly regulated, the highcopy NICE vector containing alr apparently provides sufficient alr transcription to fully complement the alr phenotype in both hosts, even without the addition of nisin, suggesting that only relatively low expression levels are required for growth.
Plasmid integrity was investigated in pGIP011 and pGIP013 transformants of L. plantarum MD007 and L. lactis PH3960, respectively. Twenty of these L. plantarum and L. lactis colo-
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alr AS FOOD-GRADE MARKER IN LACTIC ACID BACTERIA 5665 nies were inoculated in medium containing erythromycin or chloramphenicol, respectively. All cultures were fully grown overnight. Following isolation of plasmids pGIP011 and pGIP013, restriction analyses revealed that the plasmids were apparently intact (data not shown), indicating that selection of the transformants is equally stringent on the basis of alr and on the basis of the antibiotic markers.
To evaluate the stability of these food-grade selectable plasmids, MD007Int6 colonies harboring pGIP012 and PH3960 colonies harboring pGIP013 were pregrown for 200 generations in MRS or GM17 medium, respectively, with or without D-Ala. After four successive cycles of growth for 50 generations, the cells were plated on medium containing D-Ala and the presence of the plasmid in the resulting colonies was assessed through the Alr phenotype by replica plating to plates with or without D-Ala (Table 2 ). After 200 generations of culturing in the presence of D-Ala, plasmid pGIP012 was undetectable in MD007Int6. However, all cells that were cultured without D-Ala still contained pGIP012 after 200 generations. This indicates that the alr marker strongly contributes to the stability of the plasmid in L. plantarum. In contrast, all tested cells of strain PH3960 contain plasmid pGIP013 after 200 generations, independent of the presence or absence of selective pressure. Plasmid DNA isolation of pGIP012 from MD007Int6 and pGIP013 from PH3960 suggests that the copy number of the lactococcal plasmid is 5 to 10 times higher (data not shown), possibly explaining the higher stability of pGIP013 than of pGIP012. Fermentation media do not usually contain D-Ala, making alr a stable, food-grade complementation marker under industrial conditions for both L. lactis and L. plantarum.
Selection of pGIP011 and pGIP013 in wild-type strains. Several competitive inhibitors for Alr have previously been described (1, 32, 36, 50) . In M. smegmatis, resistance to Dcycloserine could be correlated with the expression level of alr (6) . This suggests that D-cycloserine resistance can be used for the dominant selection of transformants harboring a plasmid expressing alr. To evaluate this possibility in LAB, pGIP011 and pGIP013 were used for selection in the wild-type L. plantarum NCIMB8826 and L. lactis NZ3900. Plasmid pGIP011 was introduced into L. plantarum NCIMB8826, and the cells were plated on MRS with increasing concentrations of D-cycloserine. After approximately 96 h of growth at 30°C, colonies appeared on the plates with D-cycloserine concentrations up to 600 g/ml ( Table 3 ). The presence of pGIP011 in these colonies was confirmed by replica plating to MRS plates containing erythromycin and lincomycin (Table 3 ). The vast majority (96%) of the colonies originating from the MRS plate containing 600 g of D-cycloserine per ml harbored pGIP011. Similarly, the possibility of selecting pGIP013 transformants of L. lactis strain NZ3900 was evaluated. Since pGIP013 contains the L. plantarum alr gene under control of the nisA promoter, dominant D-cycloserine-based selection was evaluated on plates containing 1 ng of nisin per ml. Addition of increasing concentrations of D-cycloserine resulted in a decrease of CFU appearing after approximately 96 h. Replica plating proved that all tested colonies from the plate containing 200 g of D-cycloserine per ml possessed the Cm r phenotype, indicating that pGIP013 is present (Table 3) . These results indicate that alr can be used as a dominant selection marker in wild-type variants of these LAB.
Nisin inducible D-cycloserine resistance in PH3960. The correlation between D-cycloserine resistance and alr expression in L. lactis was further investigated. First, strain PH3960 harboring pGIP013 was used in a nisin induction experiment. Cell extracts were prepared from cultures grown in the presence of different concentrations of nisin and used for determination of the specific alanine racemase activity. Results from this experiment proved that induction with nisin led to overexpression of the alanine racemase enzyme, as indicated by the higher levels of alanine racemase activity (Table 4) . Subsequently, strain PH3960 harboring pGIP013 was used for determination of D-cycloserine resistance levels at different nisin induction levels. The data clearly indicated that at higher nisin induction levels, the elevated Alr levels resulted in higher D-cycloserine resistance levels, as could be judged from culture growth (Fig.  1) . Subsequently, an analysis was performed to determine if this correlation between nisin and D-cycloserine resistance could be detected on plates. Cells were grown to an OD 600 of 0.5 and plated on GM17 containing chloramphenicol and different concentrations of nisin and D-cycloserine. After growth at 30°C, colonies appeared on the plates with D-cycloserine concentrations up to 300 g/ml. A similar correlation between nisin and D-cycloserine resistance was found, as judged by the larger number of colonies formed after higher levels of nisin induction (data not shown). This experiment demonstrated that stepwise increase of alr expression led to a stepwise increase of the D-cycloserine resistance level in L. lactis. Conditional alr mutant of L. plantarum. In addition to the use of plasmid pGIP013 for food-grade selection in L. lactis, the possibility of using alr as a single-copy chromosomal marker was investigated. For this purpose, pGIP014 was constructed and integrated into the chromosome of L. plantarum MD007. This vector contains the lactococcal alr gene under control of the nisA promoter. Other important features of the construct are the nisRK genes that are required for functional implementation of the NICE system in L. plantarum NCIMB8826. The alr fusion was cloned in the opposite orientation relative to the tRNA Ser to minimize readthrough from upstream promoters (Fig. 2) . Finally, pGIP014 carries the int gene, which is involved in the integration of the plasmid into the chromosome via site-specific recombination between the attP and attB sites. This plasmid was transformed to the L. plantarum ⌬alr strain MD007, and the anticipated genomic organization after correct integration was verified by PCR (data not shown). A single colony possessing the correct genotype was designated MD007::pGIP014, and its growth characteristics were analyzed in relation to its D-Ala requirement under conditions in which the nisin concentration varied. These experiments revealed that without addition of nisin, this strain was unable to grow for at least 24 h in the absence of D-Ala in the plates. After pregrowth in liquid MRS medium with D-Ala, the strain was grown in MRS medium without D-Ala and with increasing concentrations of nisin (0.1 to 20 ng/ml). For 24 h, the growth of the cultures was monitored by measuring the OD 600 (Fig. 3) . These measurements revealed that addition of 20 ng of nisin per ml led to growth very similar Ser locus by site-specific integration. pGIP014 harbors the attP site, which is identical to the chromosomally localized attB site. The int gene product catalyzes the recombination event between the attB and attP sites. The indicated primers tRNA and 40930L1 were used to identify the recombination event. The final strain was designated MD007::pGIP014. In this strain, the alr gene is orientated opposite to all neighboring genes, preventing readthrough expression from surrounding genes.
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to that of a control culture grown in the presence of D-Ala. Moreover, gradual induction of alr expression using the NICE system leads to a gradual increase in the growth rate. These experiments show that the alr gene can be used for single-copy selection on the chromosome.
DISCUSSION
In the present study, we exploitated the alanine racemaseencoding gene as a safe, food-grade complementation marker for L. lactis and L. plantarum. Selection based on alr expression appeared to be faster and equally stringent compared to selection based on antibiotic resistance. Several food-grade selection markers, of both the dominant and complementation type, have been described for various bacteria, including the use of alr in B. subtilis (21) . The experiments presented here demonstrate that the strategy used for B. subtilis could readily be extended and used for LAB. The plasmids used here were highly stable during culturing under selective pressure, making alr a valuable, sustainable, food-grade marker in these LAB, since D-Ala is absent in most industrial fermentation media. Additionally, some LAB are considered suitable candidate microorganisms for the delivery of health-promoting factors to the human gastrointestinal tract (23, 24, 45) . The alr gene thus provides a valuable tool for stable maintenance of plasmids. Historically, both complementation and dominant markers have been reported that use the capacity to ferment a given sugar as the selection criterion (14) . This includes, for lactobacilli, the use of the lacLM genes as a complementation marker in L. helveticus (25) . However, the latter marker only functions in media containing lactose as the sole carbon source. Hence, to our knowledge, the alr marker presented here is the first food-grade marker in a Lactobacillus species that can be used independently of the carbon source available in the medium. Moreover, this is the first complementation marker described in L. plantarum. Finally, we have shown that alr could be selected both as a multicopy plasmid-based marker and as a single-copy chromosomal marker.
D-Cycloserine, a competitive inhibitor of alanine racemase activity, could be used for selection of plasmids expressing alr in the wild-type strains of L. plantarum and L. lactis. Essentially, the results prove that alr can be used as both a complementation and dominant marker, which to our knowledge is a novel feature among the food-grade marker systems described to date. Since several other compounds inhibiting alanine racemase activity are known (1, 32, 36, 50) , replacement of Dcycloserine by any of the other inhibitors seems possible in this dominant selection system. Even though application possibilities with alr using dominant selection are limited, it is a functional tool in the laboratory, especially in L. plantarum and other LAB, since the number of functional markers in these organisms is limited. Hence, alr-based selection could provide a useful expansion of the genetic tools available for these LAB. Application of the alr gene as a food-grade complementation marker can probably be extended to many other LAB, including industrial strains. Construction of genetically modified Alrdeficient variants of such strains might not be required, since it seems feasible to select natural alr mutants of LAB by screening for the D-Ala requirement for growth. Although this strategy would require a negative screening procedure, the highthroughout screening methods that have become available might allow such an approach.
We have demonstrated how the stepwise overexpression of alr by the NICE system leads to a commensurate stepwise increase in the levels of D-cycloserine resistance in L. lactis, in both liquid and solid media. These results show that the activity of the nisA promoter and the cognate Alr expression levels in the cell can be correlated with D-cycloserine resistance levels. Tools for screening promoter libraries for conditionally active promoters have been described previously for LAB, e.g., use of the promoterless cat gene (49) . However, correlation of the level of chloramphenicol resistance with promoter strength was possible only in a narrow range of promoter activities, and subtle differences in promoter strength probably remain undetected using this system. Using the NICE system (12), our experiments suggest that an alr-based system enables selection on basis of differences in promoter strength, in a wide dynamic range.
Thus far, the NICE system has been mainly used for overexpression of proteins (29, 37, 38) . However, the NICE system has recently also been applied to more tailor-made expression strategies (13) . Here we describe the introduction of the alr gene into the chromosome of L. plantarum under control of the NICE system, resulting in a nisin-controlled conditional mutant; hence, nisin acts as the trigger for the change in growth phenotype. To our knowledge, this is the first report describing a conditional Lactobacillus species mutant with a mutation in an essential gene using the NICE system. A similar essential-gene disruption strategy could also be used in the original host, L. lactis (34; I. C. Boels, unpublished data). However, NICE can be implemented in many gram-positive hosts (5, 16, 33, 38) , generating similar regulatory characteristics, including promoter silence under noninducing conditions. These findings suggest that a broad application of this system allows us to study essential gene mutation phenotypes in a wide range of microorganisms. Overall, we expanded the set of food-grade markers available in LAB for the expression of heterologous proteins with our alr selection system. Furthermore, our system will be helpful in the development of delivery vehicles, since cell lysis can be easily manipulated. Currently we are investigating the potential use of alr as a qualitative and quantitative reporter that can be applied in conditional promoter and promoter strength selection procedures.
